Abstract. In this paper is analyzed and simulated on the computer the operation of a three level H-bridge converter as well as its parallel operations. Based on the simulation results the operating behavior between a) a three level H-bridge neutral point clamped converter, b) a three level H-bridge neutral point clamped converter with parallel elements and c) two three level H-bridge neutral point clamped converters parallel connected is being compared. From the simulation results is obvious that in the first two cases the ripples, the distortion in primary and secondary winding currents, and the power factor are quite satisfactory and almost identical to each other. In the third case as compared with the first two, we observe that current harmonics with higher amplitude appear in the primary winding of the transformer.
Introduction
AC-DC converters can be separated into converters which operate with low transition frequency and into converters with high transition frequency. The main disadvantage of these converters is the derivation of harmonics and reactive power [1] , [2] .
Harmonics have a negative impact on electrical power system operation, so particular attention to their generation and elimination is paid. Specifically, many international standards have introduced significant and strict limits on the harmonics which injected to the electrical power system [3] .
A conventional method for harmonic elimination of the input currents is the usage of converters with high switching frequency. A further improvement is the usage of passive filters [4] . Over the last decade, active power filters have emerged for elimination of harmonics which are injected to the grid [5] , [6] .
A variant way to harmonic elimination is the power factor correction (PFC) [7] . With this method harmonics are eliminated and thus the power factor is improved, that is why they get this name. There are many applications where the power flow can be reversed during operation. Such examples are the driving systems in electric traction. Converters which operate in four quadrants with a high power factor are named active front end (AFE) converters, which can be classified into voltage source converters (VSC) and static var compensator (SVC) [8] . In electric traction the conventional circuit of a two level PWM converter is applied [9] , [10] . In this case a unipolar PWM strategy of asymmetric samples is espoused for the converter.
Furthermore, in electric traction circuits three level PWM converters are applied. These converters have eight switching modules with eight anti-parallel diodes and four clamping diodes. The modules S 1 , S 2 , S 3 and S 6 switched on with 180 o phase shifting compared to S 3 , S 4 , S 7 and S 8 respectively. Therefore, there are only four independent modules which have sixteen switching states. If the modules S 1 , S 4 , S 5 and S 8 are selected as the four independent, the rest modules are the dependent modules. Since the modules S 1 and S 4 , or S 5 , S 8 cannot switch on simultaneously there are seven redundant switching states. In conclusion, there are only nine valid switching states. Considering the cases for both positive and negative current flow, we end up with eighteen valid switching states for a three level PWM converter [11] .
In recent years many research efforts are made to implement in the electric traction chain multilevel converters which are based on the cascaded connection of independently supplied single phase converters. These arrangements not only allow the connection at very high voltage levels with conventional semiconductor elements, but also the current which is generated in the secondary winding of the transformer has low harmonic content. In this case installing additional dc-dc converters allow the power exchange with the common output side [12] .
In electric traction the transformers' primary winding is connected with a single phase overhead line of an AC electrical power system, and reduces the received voltage into a desirable level. The secondary winding of the transformer is used to feed the converters, which through DC link supply the electromotion system. Each of the secondary windings is connected to a four quadrants (4QC) converter. For the electrical power system investigation, the transformer is modeled based on the number of windings taking into account the ohmic resistance R i , the inductance L i of each winding l and the mutual inductance Mij between the windings i and j of the transformer [13] , [14] . In this paper different H-NPC topologies were investigated and compared, based on their performance, which is indicated by specific parameters.
Analysis of H-bridge neutral point clamped converter
In electric traction the H-bridge neutral point clamped (H-NPC) converter can be applied, as shown in fig.1 .In this case, if the same semiconductor elements with those of a two level H-bridge converter are used, the amplitude of the input and output converter's voltage can be doubled while keeping constant both the quality of current harmonics and the amplitude of the current. The result is a more compact converter constituting of fewer parts and fewer secondary windings on the transformer for the same current value but with higher voltage. This is achieved by using more controlled semiconductor elements and more complex modulation strategy. Also in this case, if necessary, several converters can be connected in parallel to raise the total power capacity and eliminate current harmonics. The following paragraphs give a detailed description of the pulse width modulation strategy which was applied during the computer simulation for the above converter.
The pulses for the elements of leg A (S a1 , S a2 , S a3 and S a4 ), are the result of comparing a sinusoidal signal (U st ) with 0° degree phase shifting and two triangular waveforms (U tri ) with 0° and 180° degree phase shifting respectively. The switching states for the leg A are shown in table I. As shown from fig. 3 the ripple of DC bus voltage is very small, approximately to 0.5% (from 925 to 930 volts). Figure 4 shows the current waveforms of the primary and the secondary winding of the transformer. The total harmonic distortion of the input current of the converter is: THD i ≈ 7.48 %
The total harmonic distortion of the current in the primary winding of the transformer is: THD iP ≈ 1.38 %
The phase shifting between transformer's secondary winding current and secondary winding voltage is 18° degree. Therefore the power factor is: cosφ ≈ 0.95
Analysis of H-bridge neutral point clamped converter with parallel elements
In this section will be analyzed the pulse width modulation strategy and then will be simulated the operation of the converter which is shown in fig. 5 . The converter in fig.5 is a variant of the H-NPC converter which was presented in the previous section.
In this case the control strategy is similar with the control strategy of the H-NPC in the previous section. In practice, the single-phase sinusoidal grid voltage of 25kV AC, 50Hz, transformed (degraded) to 510 Volts AC, 50Hz. Here we should mention that we have set the input inductor 20mH, so the output voltage varying close to 900 Volts, which is the desired value. The three level H-bridge converter is connected at the output of the transformer. The total harmonic distortion of the input current of the converter is: THD i ≈ 7.47 %
The total harmonic distortion of the current in the primary winding of the transformer is: THD iP ≈ 1.37 % The phase shifting between transformer's secondary winding current and secondary winding voltage is 18° degree. Therefore the power factor is: cosφ ≈ 0.95
Two H-NPC converter parallel connected
In this section, the two-parallel-connected H-NPC topology is investigated. Figure 9 depicts this topology connected to the grid via a transformer. The inductor in front of each of the two converters is 20 mH, in order to obtain the desired voltage at the DC side of the converter (DC bus ). In this case the control strategy is similar with the control strategy of the H-NPC in section II. We have four different control signals, one for each leg (branch) of each converter. According to the tables I and II the pulses to the semiconductor elements are generated only if instead of U st and U tri we place the appropriate control signals. To do this we need to consult the following table which summarizes the control signals which are compared and generate the final gating signals. After the implementation of the control strategy and the generation of pulses at the appropriate time for each semiconductor element arises the DC bus voltage from the parallel converters. This voltage is between 880 -900 Volts, so we have a ripple factor nearly to 2.2%. The total harmonic distortion of input current for the upper and the bottom converter is: THD i1 = THD i2 ≈ 7.28 % The total harmonic distortion of the current in the primary winding of the transformer is: THD iP ≈ 4.1 % The phase shifting between transformer's secondary winding current and secondary winding voltage for the upper and the bottom converter is 36° degree. Since the power factor is: cosφ ≈ 0.81
Comparison between H-NPC converter, H-NPC converter with parallel elements and two H-NPC converter parallel connected two H-NPC converter parallel connected
Observing the data in the table below, we conclude that the first two converters (H-NPC and H-NPC with parallel elements -H-NPC P.E.) have almost identical behavior, with a minimal difference in the ripple factor. The third converter (two parallel connected H-NPC -2//H-NPC P.C.) with 7 mH inductor, has the highest ripple factor, the highest THD ip factor and the smallest power factor compared with the other two converters. From the other hand, the range of the input current, both for the upper and the bottom converter is much larger than the other two topologies. This fact contributes to the ability of this topology for greater power transfer. 
Conclusion
In this paper, has been analyzed and compared the operation and the efficiency of various three level H-NPC topologies. In the analysis procedure, taking into account the control strategy, which is applied in each converter, is demonstrated in each case that the control voltages u st and the triangular waveforms u tri should have specific phase angles to achieve optimal operation of the converters and the optimal result in the electrical quantities. The simulation's results show that in the first two topologies the power factor and the current distortion in the primary and the secondary transformer's winding is quite satisfactory and almost identical for the two topologies. While comparing the third topology with the other two topologies, the current of the primary winding of the transformer appears harmonics with higher amplitude. Based on the aforementioned results, the usage of the H-NPC with parallel elements is preferable, because this topology can transfer greater power compared to the first topology as well as compared to the third topology which uses only one winding in the secondary side of the transformer.
